A single layer of endothelial cells lines the entire vascular system. In adults, approximately ten trillion (10 13 ) cells form an almost 1 kg`organ'. Endothelial cell structure and functional integrity are important in the maintenance of the vessel wall and circulatory function, but the endothelium is by no means inert. As a barrier, the endothelium is semipermeable and regulates the transfer of small and large molecules. Endothelial cells are dynamic and have both metabolic and synthetic functions (Fig. 1) . They exert signi®cant autocrine, paracrine and endocrine actions and in¯uence smooth muscle cells, platelets and peripheral leucocytes.
Endothelial cells and haematopoietic cells arise from haemangioblasts, blast-like bipotential cells. 9 Precursor cells are thought to arise from the ventral¯oor of the dorsal aorta within the aorto±gonad±mesonephros region. Splanchnopleuric mesoderm transforms into mesenchymal cells, which differentiate into the haemangioblasts. The haemangioblast then becomes an intermediate pre-endothelial cell, which can further differentiate into either a committed haematopoietic cell line, or an endothelial cell. Endothelial cells can also transdifferentiate into mesenchymal cells and intimal smooth muscle cells.
It is important to point out that there is marked phenotypic variation between endothelial cells in different parts of the vascular system, such that cells from different locations in the same person not only express different surface antigens and receptors but can generate different responses to the same stimulus. 20 Even cells from the same part of the vasculature can have varied responses. It is also important to note that responses of cultured endothelial cells may not re¯ect responses seen in the same cells in vivo, and the immortalized endothelial cell lines used in many laboratory studies may, in particular, have altered expression patterns of key markers compared with cells studied in vivo. 21 Endothelial cells have a role in maintaining a nonthrombogenic blood±tissue interface and regulate thrombosis, thrombolysis, platelet adherence, vascular tone and blood¯ow. The endothelium is indispensable for body homeostasis; an uncontrolled endothelial cell response is involved in many disease processes, including atherosclerosis, hypertension, pulmonary hypertension, sepsis and in¯ammatory syndromes. These diseases are related to endothelial injury, dysfunction and activation. endothelial cells to the subendothelial space to meet the metabolic needs of the surrounding tissue cells (reviewed in detail by Mann and colleagues) . 36 In addition, the junctions between endothelial cells (the`tight' junctions) act as a selective barrier to the egress of molecules from the circulation.
Glucose transport
There are seven facilitative glucose transporters of the GLUT supergene family but only GLUT-1 and GLUT-4 are expressed in endothelial cells. Regulation of GLUT-4 expression is an essential process in the modulation of glucose transport and is particularly important in diabetes and hypoxaemia. The blood±brain barrier is the major endothelial tissue expressing GLUT transporters; however, glucose transporters have also been detected in endothelial cells throughout the body, including umbilical vein, adrenal capillaries, aorta, retina, heart, placenta, the eye, and testis. 36 GLUT-1 is the most abundant isoform in endothelial cells.
Amino acid transport
There are multiple transport systems for amino acids in endothelial cells, but the system y + cationic amino acid transporter is perhaps most relevant, since this is how L-arginine, the substrate for nitric oxide, is transported. In view of the importance that nitric oxide plays in modulating vascular tone, it is surprising that only limited information is available on the effects of nitric oxide on amino acid transport in endothelial cells. Several studies have shown that cytokines such as tumour necrosis factor a (TNFa) are able to stimulate L-arginine transport in endothelial cells, resulting in increased nitric oxide production. 3 
Caveolae
Caveolae are invaginations in the cell membrane and are important vesicle carriers responsible for transcellular transport (transcytosis) in endothelial cells. 41 For example, transcytosis via caveolae is the primary means of albumin transport across endothelium (Fig. 2) . Caveolin-1 is a scaffolding protein that becomes inserted into the cytoplasmic face of the plasma membrane to regulate caveolar internalization. In the endothelium, caveolin-1 regulates nitric oxide signalling by binding to and maintaining type III (endothelial) nitric oxide synthase (NOS) in an inactive state. 6 As calcium in¯ux channels and pumps are localized in caveolae, caveolin-1 is also an important determinant of calcium signalling in endothelial cells. 19 
Tight junctions
Tight junctions are intercellular junctions important for paracellular transport. Although vascular permeability depends on both the paracellular pathway (tight junctions) and transcellular pathway (caveolae) of the endothelium, oedema develops mainly as a result of dysfunction of tight junctions. Within multicellular organisms, several organs are relatively independent of whole body homeostasis and are wrapped by endothelial cell sheets. A clear example is the blood±brain barrier, made of highly specialized endothelial cells whose tight junctions protect the central nervous system. Tight junctions can function as either à gate' (selected passage of molecules) or a`fence' (no passage) (reviewed by Sawada and colleauges). 49 The gate function regulates the passage of ions, water and various macromolecules, even of cancer cells, through paracellular spaces. The gate function is important in oedema, jaundice, diarrhoea and blood-borne metastasis. The fence function Galley and Webster maintains cell polarity (and hence an electrochemical barrier to the egress of charged molecules) by preventing mixing of molecules in the apical (in contact with blood) endothelial cell membrane with those in the lateral membrane. Some pathogenetic bacteria and viruses target and affect the tight junction function, leading to diseases affecting the vascular system (e.g. oedema), the gastrointestinal tract (e.g. bacterial enteritides) and the respiratory tract (e.g. acute respiratory distress syndrome).
Vascular tone
The endothelium produces a number of vasodilator and vasoconstrictor substances which regulate vasomotor tone and the recruitment and activity of in¯ammatory cells, and regulate thrombosis. 55 
Nitric oxide
Endothelial cells have a major role in the regulation of vascular tone, through production of several vasoactive mediators. Nitric oxide, prostacyclin, endothelin (ET) and endothelial-derived hyperpolarizing factor are powerful vasoactive substances released from the endothelium in response to both humoral and mechanical stimuli, and can profoundly affect both the function and structure of the underlying vascular smooth muscle. Nitric oxide is a profound vasodilator. Constitutive production of nitric oxide by the endothelium maintains the vasculature in a state of vasodilatation. Both type II (cytokine-inducible) and type III (endothelial constitutive) NOS, which catalyse the conversion of L-arginine to nitric oxide (Fig. 3) , have been found in endothelial cells. Caveolae play an integral part in regulating the activity of endothelial NOS. In addition, pro-in¯ammatory cytokines also increase the activity of GTP-cyclohydrolase, the rate-limiting enzyme for tetrahydobiopterin production, which is a cofactor for NOS. 27 The y + amino acid transporter channels are co-located with NOS on caveolae, and re-circulation of L-arginine from L-citrulline mediated by cytokines has also been described in vascular endothelial cells. 34 Nuclear factor kappa B (NFkB) is a redox-sensitive transcription factor which regulates, in part, gene expression of many cytokines, growth factors, adhesion molecules and enzymes involved in immune and in¯ammatory responses. 52 It is maintained in a non-activated state in the cytoplasm by association with an inhibitor subunit, IkB (Fig. 4) . Proteolysis of IkB in response to activation stimuli, including lipopolysaccharide (LPS, endotoxin) and cytokines with a common redox-sensitive step, reveals a nuclear recognition site. This then prompts the NFkB to move into the nucleus, where it binds to target DNA and results in mRNA expression. Constitutive nitric oxide production by endothelial cells inhibits adhesion molecule expression through stabilization of IkB, thus attenuating proin¯ammatory responses. 
Physiology of the endothelium

Endothelin
The vasoconstrictor ET is also produced by endothelial cells, with marked effects on vascular tone. There are three types of ET, but vascular endothelial cells produce only ET-1. 29 However, the distribution of ET receptors extends throughout the body and, in addition to causing vasoconstriction, ET has pleiotropic effects on non-vascular tissue. ET-1 exerts vasoconstrictor actions through stimulation of ET A receptors in vascular smooth muscle and vasodilator actions through stimulation of ET B receptors in endothelial cells. However, ET B receptors also contribute to vasoconstriction in some blood vessels. 23 54 ET-1 stimulates cell proliferation, increasing the expression of several genes, including collagenase, prostaglandin endoperoxidase synthase and platelet-derived growth factor. There is considerable cross-talk between endothelin, nitric oxide and prostacyclin in the control of vascular tone. 32 Leukotrienes Leukotrienes regulate smooth muscle tone and have effects on permeability, adherence and chemotaxis. Endothelial cells do not contain 5-lipoxygenase, an essential enzyme in the arachidonic acid pathway, and therefore cannot generate leukotrienes from arachidonic acid, but cooperate with neutrophils to metabolize leukotrienes produced from activated neutrophils. 16 Prostacyclin is also synthesized from arachidonic acid by endothelial cells in response to in¯ammatory mediators, including interleukin (IL) 1 and platelet-derived and epidermal growth factors. Like nitric oxide, prostacyclin is a potent vasodilator, and inhibits platelet aggregation and thrombosis and may synergize with nitric oxide in this respect. 46 
Host defence
Endothelial cells are in a unique strategic position as key players in host defence and in¯ammation. Orchestration of immune and in¯ammatory responses depends on communication between cells by soluble molecules given the generic terms cytokines; these include chemokines, colony stimulating factors (CSF), IL, growth factors and interferons (IFN). They are low-molecular-weight proteins that regulate both the amplitude and duration of the immune and in¯ammatory responses. Endothelial cells produce and react to a variety of cytokines and other mediators.
Chemokines
The chemokine repertoire of endothelial cells includes a and b chemokines and fractalkine, with effects on neutrophils, eosinophils, T lymphocytes, natural killer cells and monocytes. 22 Although the spectrum of action of chemokines is generally restricted to effects on leucocytes, some in vitro studies have also shown effects on endothelial cell function. IL-8, growth-related oncogene-a and some other a chemokines stimulate proliferation and migration of endothelial cells and are angiogenic in vivo. Endothelial cells are strategically located at the tissue±blood interface and present several chemokines to circulating leucocytes. When chemokines are produced in large amounts, such as in cancer or chronic in¯ammation, they contribute to systemic anti-in¯ammation by inducing the release of so-called decoy receptors for TNFa and IL-1 into the circulation. 10 35 Adhesion molecules Endothelial cells also regulate leucocyte movement into tissues via a carefully regulated process involving adhesion molecules that mediate the adhesion of leucocytes to the endothelium by binding to speci®c ligands on the leucocytes. 42 Endothelial cells express E-selection, P-selectin, intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule (VCAM). ICAM-2 is constitutively expressed on resting endothelial cells. ICAM-1 and VCAM are only minimally expressed on resting endothelial cells, but their expression can be increased by cytokines and LPS (endotoxin) activation. Lymphocytes, unlike platelets and other leucocytes, can interact with endothelial cells under basal conditions through the L-selectin receptor. Activated lymphocytes express integrins, such as leucocyte functionassociated antigen-1 (LFA-1) or very late antigen-4 (VLA-4), which interact with ICAM and VCAM. Adhesion molecules of the L-selectin and b 2 integrin class, such as LFA-1 and Mac-1 (integrin alpha M, complement receptor 3) are involved in the transient adherence of leucocytes to endothelial cells. Activated endothelial cells secrete platelet activating factor (PAF) which upregulates LFA-1 and Mac-1 on the leucocytes and the expression of P-selectin and E-selectin. The mechanisms involve interaction of the platelet glycoprotein IIb/IIIa with ®brinogen and endothelial vitronectin receptors. Once adherent, platelets potentiate the adherence of neutrophils to endothelium by expression of CD154 on activated platelets, which binds to CD40 on endothelial cells. This induces expression of leucocyte adhesion molecules and tissue factor on the endothelial surface. Thrombin or histamine stimulation selectively induces endothelial cell P-selectin while cytokines and LPS stimulation leads to E-selectin expression. Movement of the adherent cells between tightly adjacent endothelial cells and into the tissues to the site of infection or injury occurs via complex and tightly regulated sequential activation steps, allowing the integrity of the endothelium itself to be maintained whilst at the same time allowing the movement of activated in¯ammatory cells out of the circulation to the site in infection or injury. 37 These include granulocyte macrophage CSF, granulocyte CSF, macrophage CSF, the stem cell factors, and IL-1 and IL-6. Although endothelial cells do not produce the anti-in¯am-matory IL-1 receptor antagonist, they do express the TNF receptors p55 and p75. 5 Endothelial cells also react to a vast array of cytokines, leading to responses involved in immunity, in¯ammation, thrombosis and angiogenesis. Many of the manifestations of these responses are implicated in pathogenetic processes.
Cytokines and growth factors
Endothelial cells produce a variety of cytokines and growth factors in response to stimulation with cytokines, bacterial products, hypoxaemia and other mediators.
Haemostasis and coagulation
Coagulation-related receptors on the surface of vascular cells and circulating coagulation proteins are tightly controlled, to regulate coagulation and initiate a coagulation response to vascular injury. Endothelial and smooth muscle cells express a variety of proteins directly participating in haemostasis. Engagement of activated coagulation proteins by their speci®c receptors on the vascular cell surface in turn activates these cells and leads to expression of genes involved in coagulation, angiogenesis, leucocyte adhesion, regulation of the vascular wall tone, etc. The signals inducing the expression of target genes are mediated by protease-activated receptors, which are shared among coagulation proteases. However, differences in mechanisms of activation of these receptors, as well as the presence of speci®c receptors for each coagulation protein and structures of promoters of target genes may provide speci®city in the responses of vascular cell types to different coagulation factors.
Tissue factor is the receptor for factor VII and is procoagulant. It is inhibited by tissue factor pathway inhibitor, which is synthesized mainly by endothelial cells under basal conditions and is bound to the endothelial cell surface. Tissue factor expression leads to the activation of factor X, which then combines with factor Va to convert prothrombin to thrombin. Thrombin is a multifunctional protein with some important homeostatic anticoagulant effects as well as pro-coagulant activity. It binds to thrombomodulin expressed on the endothelial cell surface, which is the major physiological buffer for the pro-coagulant effects of thrombin in normal vessels. Because thrombomodulin binds to the same site on thrombin that would normally bind to ®brinogen, platelets or factor V, all of these functions are blocked. Instead, the thrombin±thrombo-modulin complex activates protein C (through a different site on the thrombin molecule), resulting in initiation of the activated protein C pathway.
14 This process is augmented by the endothelial protein C receptor (EPCR). Activated protein C must dissociate from EPCR before it can bind to protein S and function as an effective anticoagulant through the inactivation of factor Va.
In addition to its pro-coagulant and anticoagulant effects, thrombin is also involved in the process of in¯ammation and can up-regulate endothelial cell P-selectin expression through von Willebrand factor (vWF). 48 Thrombin is also chemotactic for polymorphonuclear leucocytes and is a potent inducer of PAF expression in endothelial cells. The majority of vWF is derived from endothelial cells, which synthesize two forms: vWF dimers that are secreted into the plasma and sub-endothelial matrix, and granular vWF multimers that are stored in Weibel±Palade bodies in the endothelial cells for rapid mobilization in response to activating molecules such as thrombin. The vWF binds and stabilizes factor VIII and is a cofactor for platelet binding to exposed extracellular matrix in injured vessel walls. Both infection and in¯ammatory processes can lead to elevation of plasma vWF. 30 Endothelial cells also produce ectonucleotidases, which are enzymes that dephosphorylate ADP to AMP and then to adenosine and inhibit platelet aggregation. 38 
Angiogenesis
Vascular endothelial growth factor (VEGF) is an angiogenic factor produced by a variety of cells, including endothelial cells, with speci®c receptors on the endothelium. 11 Angiogenesis ± the formation of new blood vessels from pre-existing endothelium ± is mediated by VEGF. VEGF contributes to the in¯ammatory response through stimulation of the release of adhesion molecules, metalloproteinases and nitric oxide, via the transcription factor activator protein-1 (AP-1).
The role of the endothelial cell in disease Atherosclerosis
Disturbed endothelial function may play a large role in cardiovascular disease. Atherosclerosis results from excessive in¯ammatory and ®broproliferative responses to vascular insults and the earliest alterations in the vessel wall are formation of the fatty streak and monocyte adhesion. 24 Physiology of the endothelium Cytokines, growth factors, lipids and enzymes modulate cell function, leading to lipid accumulation, vasoconstriction and promotion of thrombosis. Active endothelial participation is required for monocyte adhesion and migration to the sub-endothelium. In addition, endothelin is a profound chemoattractant for monocytes. The endothelium oxidizes native low-density lipoprotein (LDL); the accumulation of monocytes could represent an attempt to remove the subendothelial oxidized LDL. The activated monocytes secrete TNFa and IL-1, with secondary up-regulation of growth factors by endothelial and smooth muscle cells. Oxidised LDL stimulates both endothelin and E-selectin production.
Lipids (particularly LDL) and oxidant stress play a major role in impairing endothelial function by reducing the bioavailability of nitric oxide and activating pro-in¯amma-tory signalling pathways such as NFkB. LDL-cholesterol and oxidant stress also impair caveolae structure and function. Biomechanical forces on the endothelium, including shear stress from disturbed turbulent blood¯ow, also activate the endothelium, increasing vasomotor dysfunction and promoting in¯ammation by up-regulating pro-atherogenic genes. In contrast, normal laminar shear stress promotes the expression of genes that may protect against atherosclerosis.
Nitric oxide Many studies demonstrate that endothelial dysfunction in terms of reduced nitric oxide activity is one of the earliest markers in patients with atherogenic risk factors (male gender, 57 ageing, 61 hypertension, 13 61 diabetes, 44 smoking, 62 family history 50 ) in the absence of angiographic evidence of atherosclerosis. Improved endothelial function is a clinical marker of atherogenic risk factor modi®cation, for example nitric oxide responses are improved by cholesterol-lowering therapy. Even 3 days' treatment with statins increased nitric oxide activity and decreased soluble VCAM-1 levels in patients with coronary heart disease or diabetes, without affecting serum lipids. 39 Mice lacking the gene for type-III NOS have hypertension and heightened responses to injury. 28 Antioxidant therapy or direct inhibition of NFkB activation prevents vascular injury. 31 
Endothelin
In addition to acute vasoconstrictor effects, ET-1 appears to be implicated in proliferative responses associated with vascular disease. Oxidized LDL induces ET-1 expression in human endothelial cells. 4 ET-1 stimulates the expression of c-fos, c-jun and c-myc, so-called immediate early genes, expression of which can be used as an indication of gene activation, and induces proliferation of vascular smooth muscle cells and ®broblasts. 45 ET-1 has a synergistic action with growth factors, including VEGF, and may function as a co-mitogen. 12 It promotes synthesis and secretion of glycoproteins, thrombospondin and ®bronectin, modifying extracellular constituents in cardiovascular tissues, and increases neutrophil and platelet adhesion. 26 Endothelial dysfunction characterized by loss of nitric-oxide-dependent vasodilatation may simultaneously involve augmented ET activity in disease states, including atherosclerosis. In a mouse model of atherosclerosis, chronic ET A receptor blockade restored nitric-oxide-mediated endothelial function and inhibited atherosclerotic plaque development.
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Infection and in¯ammation
Severe infection with Gram-negative organisms leads to the appearance of endotoxin or LPS in the bloodstream, which interacts with LPS-binding protein (LBP) and binds to CD14 receptors, transducing signals via Toll-like receptors (TLR), which culminate in the activation of NFkB. NFkB activation leads to increased gene expression of several mediators, including chemokines, cytokines, adhesion molecules, tissue factor, metalloenzymes and NOS. Although endothelial cells do not themselves express CD14, LPS can activate these cells via interaction with soluble CD14 and LBP present in the circulation.
TLRs are pathogen-associated molecular pattern receptors for a variety of diverse molecules derived from bacteria, viruses and fungi. To date, ten TLR family members have been identi®ed. TLR2 is crucial for the propagation of the in¯ammatory response to components of Gram-positive and Gram-negative bacteria and mycobacteria such as peptidoglycan, lipoteichoic acid, bacterial lipoproteins, lipopeptides and lipoarabinomannan. TLR2 is predominantly expressed in the cells involved in ®rst-line host defence, including monocytes, macrophages, dendritic cells and neutrophils, but some expression is also seen in endothelial cells. TLR4 has been identi®ed as the receptor for LPS and lipoteichoic acid. 40 53 Endothelial cells express predominantly TLR4 and little TLR2, and respond vigorously to LPS via TLR4, but not to Mycobacterium tuberculosis lipoprotein, a TLR2 ligand. Several microbial antigens such as Gram-positive cell wall fragments, bacterial, spirochetal and mycobacterial lipoproteins, and fungi require TLR2 to activate cells, such that the regulation of TLR2 expression in endothelial cells could in¯uence immune responses. Faure and colleagues 15 showed that TLR4 was up-regulated by LPS in vascular endothelial cells but that in addition, LPS, TNFa and IFNg were also able to up-regulate TLR2 expression in a mechanism involving NFkB. Induction and up-regulation of TLR2 in response to in¯ammatory stimuli may help explain the wellknown synergy between LPS and lipoproteins.
During infection and in¯ammation, for example in sepsis, many cytokines, growth factors such as VEGF, adhesion molecules, chemokines and enzymes such as matrix metalloproteinases and NOS are upregulated in response to a variety of microbial mediators and cytokines and contribute to the broad pathophysiological manifestations of sepsis and its sequelae. 59 The cytokines released during sepsis, including TNFa, IL-1 and IL-6, result in increased endothelial permeability, induction of tissue factor synthesis and up-regulation of adhesion molecules. Endotoxin and cytokines, including TNFa and IFNg, induce increased permeability of some cells through effects on tight junction proteins and increased VEGF expression. 49 When T cells are activated as part of the host defence process, they express their own tight junction proteins to make the transendothelium process smooth. 1 Anatomical damage to the endothelium occurs during septic shock, and a single injection of LPS in animals denudes endothelium. 47 Endothelial cells become detached and sub-endothelial oedema occurs. Cellular damage is apparent as early as 15 min after LPS injection, with nuclear vacuolization, cytoplasmic swelling and protrusion, cytoplasmic fragmentation and detachment of the endothelium from its underlying layer. 33 In a caecal ligation and puncture rat sepsis model, similar events are seen after 10 h. 58 Circulating shed endothelial cells have also been identi®ed in human sepsis using antibodies to vWF and the VEGF receptor. 43 The number of circulating endothelial cells was higher in non-surviving patients than survivors.
Endothelial injury exacerbates sepsis-induced coagulation abnormalities. Release of nitric oxide and prostacyclin is impaired, facilitating leucocyte and platelet aggregation and aggravating coagulopathy.
Hyperglycaemia, diabetes and hypertension
Hyperglycaemia has been implicated in the pathogenesis of micro-and macrovascular complications in diabetes yet little is known concerning the regulation of glucose transporters in endothelial cells. Chronic hyperglycaemia in diabetes promotes endothelial cell dysfunction and is a major factor in the development of micro-and macrovascular disease. Hyperglycaemia associated with insulin resistance is common in critically ill patients, even those who have not previously had diabetes. Adaptive responses in system y + activity, increased nitric oxide synthesis and increased type-III NOS mRNA have been identi®ed in human umbilical vein endothelial cells exposed to elevated glucose. In human endothelial cells, exposure to glucose 25 mM results in up-regulation of several genes, including IL-8 and ICAM-1. 7 Increased IL-8 secretion was also seen in human endothelial cells cultured for 7 days in glucose 25 mM compared with cells cultured in glucose 5.5 mM and this was accompanied by up-regulation of AP-1 and glucose-response element promoter. 51 Hypertension is one of the clinical conditions where endothelial damage has been con®rmed, although it is not clear whether such damage is the cause or the consequence of the hypertension. There is certainly an imbalance between decreased production or receptor function of vasodilatory factors and an increased formation of, or sensitivity to, vasoconstrictive agents. Endothelium damage may also play a key role in the development of organ damage in hypertension. It has been suggested that ET-1 is involved in the pathogenesis of hypertension, although plasma levels and severity of hypertension con¯ict. 25 In hypertensive rats however, ET-1 in vascular tissue did correlate with systemic arterial pressure which was reduced by endothelin antagonists. 56 The involvement of endogenous ET-1 in mild-to-moderate hypertension remains controversial but it may be implicated in some more severe types of hypertension.
Pulmonary hypertension however, has been shown to be associated with increased ET-1 production both in animal models and in patients. 60 
Thrombosis
There are a number of inherited or acquired thrombotic disorders of endothelium-derived and regulated proteins. 18 These include de®ciency of protein C and protein S, defective synthesis or release of tissue plasminogen activator, enhanced plasminogen activator inhibitor secretion and mutations of factor V synthesis, such as factor V Leiden mutation (also known as activated protein C resistance). There is also a group of inherited or acquired diseases that result in the accumulation of components that perturb endothelial haemostatic properties, including homocysteinaemia and hypercholesterolaemia.
Metastatic disease
Endothelial cells within tumours are a target for angiogenic signals, a pathway for dissemination and implantation leading to metastasis. 17 During metastasis, tumours often use the same molecular pathways as leucocytes. Cytokines produced constitutively by cancer cells activate expression of adhesion molecules on endothelial cells which are required for recognition by tumour cells. For instance, melanoma cells express the receptor VLA-4, which recognises VCAM-1. 8 Chemokines and VEGF produced by endothelial cells may in¯uence metastasis of cancer cells to speci®c sites. Cancer cells also secrete VEGF to induce angiogenesis and to enable forcible passage through the tight junctions to facilitate metastasis.
Summary
Endothelial cells have ®nally emerged as key immunoreactive cells involved in host defence and in¯ammation. These cells both produce and react to a wide variety of mediators including cytokines, growth factors, adhesion molecules, vasoactive substances and chemokines, with effects on many different cells. Endothelial cells are also intimately involved in the manifestations of infection, atherogenesis, hypertension and cancer. 
